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to AGW propagation.
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larities. A statistical analysis of the characteristics of acoustic gravity waves (AGW)/travelling iono
spheric disturbances registered in the Antarctic Peninsula region during several years has been per
IRUPHGE\WKHFRDXWKRUVHDUOLHU7KHSULPDU\GLXUQDODQGVHDVRQDORFFXUUHQFHSDWWHUQVDQGPDLQFKDU
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 ,WZDV
VKRZQWKDW7,'FKDUDFWHULVWLFVVXFKDVSHULRGSURSDJDWLRQGLUHFWLRQDQGYHORFLW\FDQEHREWDLQHGZLWKWKH
KHOSRI WKH IUHTXHQF\DQGDQJXODU )$6+)VRXQGLQJ WHFKQLTXH %HOH\HW DO 3D]QXNKRYɟWɚO
7RFRQWLQXHWKHVWXG\RI7,'SKHQRPHQDDQHZGDWDDFTXLVLWLRQV\VWHPIRUELVWDWLFFRKHUHQW+)
VRXQGLQJRI WKH LRQRVSKHUHZDV LQVWDOOHG LQ+) WUDQVPLWWHURSHUDWLQJZLWKLQ IUHTXHQF\UDQJHf
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RIWKHLRQRVSKHULFDOO\UHÀHFWHG+)VLJQDORQWKLVTXDVLYHUWLFDOUDGLRSDWKKDYHEHHQXVHGWRHVWLPDWH7,'
FKDUDFWHULVWLFVDQGWRFRPSDUHWKHPZLWKWKHUHVXOWVRIWKH7,'GLDJQRVWLFVREWDLQHGIURPPXOWLVLWH*166
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)LJ/RFDWLRQRI*166VWDWLRQVLQWKH$QWDUFWLF3HQLQVXODUHJLRQKWWSVRSDFXFVGHGXPDSVKWP
2. Techniques and Instruments
GPS TEC measurements
,QWKLVZRUNGDWDIURPIRXUSHUPDQHQW*36VWDWLRQV³3DOPHU´3$/06:³9HUQDGVN\´
91$' 6 : ³'XWKLHUV 3RLQW´ '837 6 : DQG ³3URVSHFW 3RLQW´3537
6:KDYHEHHQXVHG
7KHSDUDPHWHUVRIWUDYHOOLQJLRQRVSKHULFGLVWXUEDQFHVVXFKDVYHORFLW\DQGSURSDJDWLRQGLUHFWLRQDUH
HVWLPDWHGXVLQJ³G\QDPLFDSSURDFK´WRWKHSUREOHPRI7,'VGLDJQRVWLFVXVLQJ*166PHDVXUHPHQWVSURSRVHG
E\*DOXVKNRHWDO7KLVPHWKRGLVEDVHGRQXVLQJWKHVSDFHDQGWLPHGHULYDWLYHVRI7(&YDULDWLRQV
,[\WFDOFXODWHGDWWKHSHQHWUDWLRQSRLQWVZLWKWLPHYDU\LQJKRUL]RQWDOFRRUGLQDWHV[
p
W\
p
(t). If TEC pertur
EDWLRQPRYHVLQDIUR]HQLQPDQQHUDQGKDVDSODQHDPSOLWXGHIURQWLWFDQEHUHSUHVHQWHGLQWKHIROORZLQJIRUP
I(x, y, t) = I(xVLQĮy cosĮ±V).
7KHGLVWXUEDQFHSURSDJDWLRQGLUHFWLRQĮD]LPXWKDQGLWVYHORFLW\9FDQWKHQEHIRXQGDV
VLQĮt) = Ȗ
x
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HF Doppler measurement system
7KHV\VWHPXVHGIRUWKHELVWDWLFFRKHUHQWLRQRVSKHULFVRXQGLQJFRQVLVWVRIWKHSURELQJ+)WUDQVPLWWHU
GHSOR\HGDW8$6DQGWZRFRKHUHQWUHFHLYHUVORFDWHGDW³9HUQDGVN\´DQG³3DOPHU´VWDWLRQVLQVWDOOHGLQ0D\
7KHGLVWDQFHEHWZHHQVWDWLRQVLVDSSUR[LPDWHO\NPDQGWKHEHDULQJLVDOPRVWPHULGLRQDOD]LPXWK
a7KHWUDQVPLWWHULVEDVHGRQDFRPPHUFLDOWUDQVFHLYHU³,&20´)LJDVKRZVWKHWUDQVPLWWLQJ
V\VWHPZKLFKLQFOXGHVDQWHQQDWXQHUSRZHUVXSSO\DQGDVSHFLDOO\GHVLJQHGPRGXODWRU7KLVV\VWHPFDQEH
FRQWUROOHGXVLQJDSHUVRQDOFRPSXWHUWKDWDOORZVDGYDQFHVFKHGXOLQJRIIUHTXHQFLHVDQGRSHUDWLQJPRGHV
$KDOIZDYHIROGHGGLSROHDQWHQQDXVHGIRUWKHWUDQVPLVVLRQLVPRXQWHGRQWRSRIWKHPDLQVWDWLRQEXLOGLQJ
)LJE
        
   a)                 b)
)LJ7UDQVPLWWLQJV\VWHPDDQGKDOIZDYHIROGHGGLSROHDQWHQQDDW³9HUQDGVN\´VWDWLRQE
7KHUHFHLYLQJORRSDQWHQQDZDVGHSOR\HGDW8$6RQWRSRIWKH³9/)KXW´PDZD\IURPWKH
WUDQVPLWWHU)LJ6LPLODUDFWLYHORRSDQWHQQDVZHUHLQVWDOOHGDWWKH³3DOPHU´VWDWLRQ
)LJ5HFHLYHORRS+)DQWHQQDRYHUWKH³9/)KXW´DW8$6
7KHUHFHLYLQJV\VWHPDW³3DOPHU´VWDWLRQLVDFKDLQRIFRKHUHQWUHFHLYHUV)LJZKLFKDOORZV
PHDVXULQJDQJOHVRIDUULYDODQG'RSSOHUIUHTXHQF\VKLIW')6RIWKHSURELQJVLJQDO
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VWDWLRQ7KH WUDFHVRI WKH ³JURXQGZDYH´ VLJQDO ZLWK ]HUR'RSSOHU VKLIW DQG LRQRVSKHULFDOO\ UHÀHFWHG
UDGLRZDYHVDUHFOHDUO\ VHHQ LQ WKH VSHFWURJUDPV ,W LV HYLGHQW IURP WKH¿JXUHV WKDWGXULQJ87 WKH
QDUURZ VSHFWUDO PD[LPXP TXDVLSHULRGLFDOO\ ÀXFWXDWHV ZLWK D SHULRG RI DSSUR[LPDWHO\  PLQ DQG
DPSOLWXGHRIDERXW+]7KHVLPLODUVSHFWUDOIHDWXUHVFDQDOVREHVHHQLQWKHVSHFWURJUDPVIURP8$6
PDNLQJLWSRVVLEOHWRGHWHFWDWLPHVKLIWEHWZHHQ')6ÀXFWXDWLRQVRIWKHWZRSRVLWLRQV(VWLPDWHGYDULDWLRQV
RI')6RIWKH+)VLJQDOUHFHLYHGDW³3DOPHU´DQG³9HUQDGVN\´VWDWLRQVRQDW87)LJD
GHPRQVWUDWHDYHU\VLPLODUEHKDYLRU
a) b) c)
)LJD7LPHYDULDWLRQVRI')6RIWKH+)VLJQDOI
w
 0+]UHFRUGHGDW³3DOPHU´DQG³9HUQDGVN\´ 
VWDWLRQVRQDW87E&URVVFRUUHODWLRQIXQFWLRQRI')6YDULDWLRQVDW8$6DQG³3DOPHU´ 
GXULQJ87F,RQRJUDPREWDLQHGDW8$6RQDW87/7
7KHWLPHGHOD\EHWZHHQ')6DW³3DOPHU´DQG8$6HVWLPDWHGXVLQJWKHFURVVFRUUHODWLRQIXQFWLRQ
)LJELVHTXDODSSUR[LPDWHO\PLQXWHV,WDOORZVGHWHUPLQLQJDSURMHFWLRQRIWKHZDYHYHFWRUDORQJ
³8$63DOPHU´UDGLROLQN7DNLQJLQWRDFFRXQWWKDW+)VLJQDOVUHFHLYHGDW³3DOPHU´VWDWLRQZHUHUHÀHFWHG
FORVHWRDPLGSRLQWRIWKHUDGLRSDWKWKHFRUUHVSRQGLQJDSSDUHQWYHORFLW\DORQJWKH³8$63DOPHU´GLUHFWLRQ
ZDVHVWLPDWHGDVaPV7KHGDWDRIWKHVLPXOWDQHRXVYHUWLFDOLRQRVSKHULFVRXQGLQJVHH)LJFLQGLFDWH
WKDWWKHUHÀHFWLRQRIWKHSURELQJVLJQDORFFXUUHGDWWKHDOWLWXGHVRI)LRQRVSKHULFOD\HU6XFKFKDUDFWHULVWLFV
VXJJHVWWKDWWKHREVHUYHGYDULDWLRQVZHUHOLNHO\SURGXFHGE\WKHSURSDJDWLRQRIPHGLXPVFDOH$*:7,'
$GGLWLRQDOO\7(&ÀXFWXDWLRQVREWDLQHGIURP*166OLQNVZKRVHLRQRVSKHULFSLHUFHSRLQWV,33V
ZHUHORFDWHGLQFORVHYLFLQLW\WRWKHPLGSRLQWRIWKH+)UDGLRSDWKKDYHEHHQFRQVLGHUHG)RUWLPHSHULRG
RI87WKHFORVHVWWRWKHUHJLRQRI+)VRXQGLQJZHUH,33VRIWKH*36VDWHOOLWHV351DQG351
WKHUHIRUHWKH\ZHUHVHOHFWHGIRUIXUWKHUDQDO\VLV7UDMHFWRULHVRI,33VRI*166OLQNVREVHUYHGDW3537IRU
SDVVHVRIWKHVHVDWHOOLWHVDUHVKRZQLQ)LJDZLWKGRWWHGOLQHVDQGWKHSHULRGRI87LVKLJKOLJKWHGZLWK
EROGJUH\OLQHV7KHGDVKHGFLUFOHVVKRZLVROLQHVRIWKHGLVWDQFHVRIDQGNPIURPPLGSRLQWRIWKH
+)UDGLRSDWK7KHVPRRWKHGGHWUHQGHG7(&YDULDWLRQVREWDLQHGIURP351DQG351DWWKHVWDWLRQV
3$/0'837DQG91$'RQDW87DUHVKRZQLQ)LJEDQGFFRUUHVSRQGLQJO\
a) b) c)
)LJD7UDMHFWRULHVRIWKHLRQRVSKHULFSLHUFHSRLQWVRI*166JURXQGWRVDWHOOLWHOLQNVREVHUYHGDW3537LQWKH
YLFLQLW\RIWKH³8$63DOPHU´RQDW877KHFRRUGLQDWHVRI,33VZHUHFDOFXODWHGXVLQJWKHWKLQVKHOO
KHLJKW+ NPEF7(&YDULDWLRQVREWDLQHGIURP351EDQG351FDWVWDWLRQV3$/0'837DQG
91$'RQDW87
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6LPLODUTXDVLSHULRGLF7(&YDULDWLRQVZLWKDPSOLWXGHRIDERXW7(&8LQDOOWKUHHVSDWLDOO\VHSDUDWHG*166UHFHLYHUVFDQEHVHHQLQWKHGDWDIURPHDFKVDWHOOLWH7KHVLPLODULW\DQGTXDVLSHULRGLFFKDUDFWHURIWKH7(&YDULDWLRQVDQGWLPHVKLIWEHWZHHQWKHPFRQ¿UPWKHSUHVHQFHRIZDYHOLNHGLVWXUEDQFHV7DNLQJLQWRDFFRXQWWKHKLJKFRUUHODWLRQEHWZHHQWKHGDWDIURPGLIIHUHQWVWDWLRQVWKHIUR]HQLQSURSDJDWLRQRIWKHGLVWXUEDQFHZDVVXSSRVHG7KHGHWUHQGHG7(&YDULDWLRQVIURPWKHVHWKUHHVWDWLRQVQDPHO\'8373$/0DQG91$'KDYHEHHQXVHGWRGHWHUPLQHWKHSURSDJDWLRQSDUDPHWHUVRIWKHLRQRVSKHULFGLVWXUEDQFHVXVLQJHTXDWLRQV7KHDQJXODUKLVWRJUDPVRIWKHGLVWXUEDQFHSURSDJDWLRQGLUHFWLRQD]LPXWKUHFRQVWUXFWHGXVLQJGDWDRIWKH*36VDWHOOLWHV351DQG351RQIURPWR87DUHVKRZQLQ)LJ7KHKLVWRJUDPVDUHDWWDFKHGWR,33VRI*166OLQNVFRUUHVSRQGLQJWR*36VDWHOOLWHVREVHUYHGDW91$'GDVKHGGRWWHGOLQHDW87,WVKRXOGEHQRWHGWKDWD]LPXWKVZHUHFDOFXODWHGXVLQJRQO\WKRVH7(&PHDVXUHPHQWVWKDWVDWLV¿HGWKHFRQGLWLRQ¨Ȗ¨ |¨Ȗ ¨tā±  7(&8NPZKLFKLVDUHTXLUHPHQWIRUWKHQHFHVVDU\DFFXUDF\RIWKHD]LPXWKFDOFXODWLRQVDdq*DOXVKNRɟWɚO
 
)LJ7UDMHFWRULHVRIWKH,33VRI*166OLQNFRUUHVSRQGLQJWR*36VDWHOOLWHV351DQG351IRU91$' 
GDVKHGGRWWHGOLQHDQG3537EROGJUH\OLQHRQIURPWR87DQGWKHKLVWRJUDPV 
RIWKHUHFRQVWUXFWHGGLVWXUEDQFHSURSDJDWLRQGLUHFWLRQD]LPXWK
,WFDQEHVHHQWKDWLRQRVSKHULFLUUHJXODULWLHVSURSDJDWHSUHGRPLQDQWO\LQWKHVRXWKHUQGLUHFWLRQZLWKDYHUDJHD]LPXWKVRIDERXWDQGGHJUHHV IRU351DQG351VDWHOOLWHVFRUUHVSRQGLQJO\7KHDYHUDJHYHORFLWLHVRIWKHGLVWXUEDQFHVDUHDSSUR[LPDWHO\DQGPVIRU351DQG351UHVSHFWLYHO\7KHVSDWLDOVFDOHȁRIWKHZDYHOLNHLUUHJXODULWLHVFRPSXWHGXVLQJYHORFLW\D]LPXWKDQGSRVLWLRQVRIWKHGLVWXUEDQFH¶VDPSOLWXGHIURQWLVLQWKHUDQJHRINP$OOHVWLPDWHGSDUDPHWHUVREWDLQHGIRUERWKVDWHOOLWHVDUHYHU\VLPLODUDQGFRQVLVWHQWZLWK WKH WLPHSHULRG 7 ȁ9DQGDSSDUHQWYHORFLW\DORQJ WKH³8$63DOPHU´ GLUHFWLRQ HVWLPDWHG IURP ')6 YDULDWLRQV VHH 7DEOH  7KH REWDLQHG FKDUDFWHULVWLFVFRUUHVSRQGWRWKRVHRIPHGLXPVFDOH$*:7,'V+RFNH,WVKRXOGEHDOVRQRWHGWKDWWKHGLVWDQFHEHWZHHQ,33VRI351DQG351LVDERXWNPVHH)LJVXJJHVWLQJWKDWWKHZLGWKRIWKHDPSOLWXGHIURQWLVDOVRRIWKHVDPHRUODUJHUVL]H
7DEOH
3DUDPHWHUVRI7,'VHVWLPDWHGXVLQJ*1667(&DQG+)')6REVHUYDWLRQV87 
7KHODVWFROXPQVKRZVSURMHFWLRQVRQWKHOLQHRIVLJKWGLUHFWLRQ³8$63DOPHU´IRUZDYHOHQJWKDQGDSSDUHQWYHORFLW\
TEC measurements HF data
351 351 ')6
7>PLQ@   a
Į   ±
9P>PV@   
ȁ>NP@   
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,QWKHH[DPLQHGFDVHWKHPRWLRQRI,33VRIWKH*166OLQNVLVDOPRVWSHUSHQGLFXODUWRWKHSURSDJDWLRQ
GLUHFWLRQRIWKHGLVWXUEDQFHVHH)LJ)RUWKLVJHRPHWU\7(&YDULDWLRQGLVWRUWLRQVGXHWR,33PRWLRQWKH
'RSSOHUOLNHHIIHFWVKRXOGEHPLQLPDODQGWKHREVHUYHGWHPSRUDOÀXFWXDWLRQVRI7(&DUHFDXVHGPDLQO\
E\7,'SURSDJDWLRQ LH7(&YDULDWLRQV IROORZ WKHZDYHIRUPRIDQDFWXDO LRQRVSKHULFGLVWXUEDQFHDQG
FRUUHVSRQGWRWKHRQHVWKDWZRXOGKDYHEHHQREVHUYHGDWD¿[HG,33)RUIXUWKHUDQDO\VLV')6YDULDWLRQV
DQGWKHUDWHRIFKDQJH527RIGHWUHQGHG7(&KDYHEHHQFRPSDUHG)LJ
       
       
)LJ9DULDWLRQVRI')6VROLGOLQHRIWKH+)VLJQDOUHFHLYHGDW³3DOPHU´VWDWLRQRQDW87DQG
WKHUDWHRIFKDQJHRIGHWUHQGHG7(&GRWWHGOLQHIRU*36VDWHOOLWH351OHIWDQG351ULJKW 
REWDLQHGDW91$'XSSHUSDQHODQG3537ORZHUSDQHOVWDWLRQV
,WLVZRUWKQRWLQJWKDWWKHSHULRGVRIWKHYDULDWLRQVREVHUYHGZLWKWKHWZRPHWKRGVGXULQJWKHLQWHUYDO
87DUHYHU\VLPLODU7KHREVHUYHGWLPHVKLIWVEHWZHHQ')6DQG527ÀXFWXDWLRQVDWVSDWLDOO\VHSDUDWHG
SRLQWV FRUUHVSRQG WR 1RUWK6RXWK SURSDJDWLRQ RI WKH LRQRVSKHULF GLVWXUEDQFH 7KHVH WLPH VKLIWV DQG
FRUUHVSRQGLQJ,33SRVLWLRQVKDYHEHHQXVHGWRHVWLPDWHZDYHSDUDPHWHUVRIWKHGLVWXUEDQFHV7KHDOJRULWKP
XVHG WR FDOFXODWH WKH YHORFLW\ DQG SURSDJDWLRQ GLUHFWLRQ LV VLPLODU WR '*36 PHWKRG GHVFULEHG LQ
$IUDLPRYLFKHWDO,WDOORZVHVWLPDWLQJWKHSURSDJDWLRQSDUDPHWHUVNQRZLQJWKHWLPHVKLIWVEHWZHHQ
VLPLODUH[WUHPXPVRIYDULDWLRQVDWWKUHHREVHUYDWLRQSRLQWVDQGWKHLUSRVLWLRQVLQVSDFH,QRXUFDVHZHXVHG
WKHSRVLWLRQVRI,33VRI351351REVHUYHGDW91$'DQG3537WDNHQDWWKHWLPHFRUUHVSRQGLQJWR
WKH527PLQLPXPPD[LPXPDVWKH¿UVWWZRUHJLVWUDWLRQSRLQWV7KHWKLUGUHJLVWUDWLRQSRLQWZDVWKHPLG
SRLQWRIWKH+)UDGLRSDWK7KHFDOFXODWHGSURSDJDWLRQGLUHFWLRQD]LPXWKLVDERXWĮ DQGWKH
YHORFLW\UDQJHLV9 PV7KHREWDLQHGFKDUDFWHULVWLFVDUHLQDJRRGDFFRUGDQFHZLWKHVWLPDWHGXVLQJ
*166GHULYHG7(&DQG')6ÀXFWXDWLRQVVHH7DEOH
4. Conclusions
$ELVWDWLFFRKHUHQW+)LRQRVSKHULFVRXQGLQJV\VWHPZDVLQVWDOOHGDWWKH$QWDUFWLF3HQLQVXODZLWKD
WUDQVPLWWHUORFDWHGDW³9HUQDGVN\´DQGDUHFHLYHUDW³3DOPHU´VWDWLRQVLQ0D\7KLVV\VWHPLVXVHGIRU
GHWHFWLQJZDYHOLNHLRQRVSKHULFGLVWXUEDQFHVDQGHVWLPDWLQJWKHLUSHULRGVDQGWKHPHULGLRQDOSURMHFWLRQRI
WKHZDYHYHFWRUV6LPXOWDQHRXVREVHUYDWLRQVRI WKHVDPHWUDYHOOLQJ LRQRVSKHULFGLVWXUEDQFHVKDYHEHHQ
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DOVRFRQGXFWHGXVLQJ*166GHULYHG7(&WHFKQLTXH$FDVHVWXG\SHUIRUPHGLQWKLVZRUNKDVVKRZQWKDWWKHVSDWLDODQGWHPSRUDOSDUDPHWHUVRIWKHLRQRVSKHULFGLVWXUEDQFHVDVVHVVHGE\WKHWZRPHWKRGVDUHLQDJRRG DJUHHPHQW ,Q WKH FDVH XQGHU FRQVLGHUDWLRQ WKH ZDYHOLNH GLVWXUEDQFHV SURSDJDWHG DOPRVW LQ WKHPHULGLRQDOGLUHFWLRQIURP1RUWKWR6RXWKZLWKWKHD]LPXWKDODQJOHRIDERXWGHJUHHV7KHLUWLPHSHULRGZDVPLQYHORFLW\DQGVSDWLDOVFDOHZHUHHVWLPDWHGWREHDERXWPVDQGNPFRUUHVSRQGLQJO\7KH UHVXOWV GHPRQVWUDWH WKDW WKH HIIHFWLYHQHVV DQG DFFXUDF\ RI WKH 7,' GLDJQRVWLFV FRXOG EHVLJQL¿FDQWO\LPSURYHGE\SHUIRUPLQJVLPXOWDQHRXVPHDVXUHPHQWVXVLQJERWK'RSSOHU+)DQG*1667(&WHFKQLTXHV7KHSURSRVHGWHFKQLTXHZLOOEHXVHGWRGHWHUPLQHUHJXODUYDULDWLRQVRI7,'SDUDPHWHUVDQGWRHVWDEOLVKWKHUHODWLRQVKLSEHWZHHQ7,'SDUDPHWHUVDQGWURSRVSKHULFZHDWKHUDQGJHRPDJQHWLFDFWLYLWLHV
and to identify their sources.
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